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1. INTRODUCTION 
In eucaryotes the genes for single tRNA species 
exist in multiple copies, but the genomic organiza- 
tions of such gene families are quite varied. The 
members of a tRNA gene (tDNA) family can be 
scattered throughout the genome, as is the case in 
yeast 11] and silkworm 12]. A tDNA family may 
also have its members irregularly clustered at a 
number of genomic loci, where clusters may be 
composed exclusively of multiple copies of one 
species or have several different species inter- 
mingled [3-6]. Xenopus laevis has a cluster of 8 
tRNA genes (2 tRNA Met genes and 1 each of 6 
other types) located in a 3.18 kilobase segment of 
DNA that is tandemly repeated several hundred 
times [7,8] (S.G. Clarkson, personal communica- 
tion). 
In humans there are -1000tRNA genes/ 
haploid genome, corresponding to -60  different 
tRNA species [9,10]. Thus, 10-20 copies of each 
tDNA are expected/haploid genome. In the only 
specific case examined, - 12 tRNA Met genes were 
found throughout the human genome in an ar- 
rangement that is conserved between embryonic 
and adult issues [11]. We report here that there 
are - 14 tRNA3Ly s genes/haploid human genome, 
which are scattered at a number of loci and which 
are not closely-linked to tRNA Met genes. Polymor- 
phism in this arrangement is not detected in ge- 
nomic DNAs from several sources. 
2. MATERIALS AND METHODS 
2.1. DNA and RNA 
High-Mr placental DNA, purified as in [12], was 
a gift of D. Bieber. Total DNA from HeLa, WI-38 
and GM 2695 (fibroblast) cell lines, purified by es- 
tablished methods [13], was provided by C. Sol- 
omons. Total tRNA from rabbit reticulocytes was 
a gift from D. Smith, and was purified as in [14]. 
Plasmid Pt210, containing the X. laevis 3.18 kilo- 
base tDNA repeat [7,8], was obtained from A. 
Lassar, as was PXIt Met, containing an intact 
tRNAIMet gene from Pt210. The HindlII-EcoRI 
fragment of Pt210 containing the intact tRNALys 
gene was isolated by established methods [15], and 
cloned in pBR322, forming plasmid PXI tLy s. Plas- 
mid DNAs were purified and handled as in [15]. 
2.2. Restriction nuclease digestions and gel transfer 
All restriction enzymes were purchased from 
Bethesda Research Laboratories and used in the 
supplier's recommended buffers. Restriction di- 
gests contained 10 p.g DNA and 40 units of en- 
zyme. These conditions provided complete digests, 
as judged by the full digestion of a small amount 
of h DNA included in the reactions. Digests were 
stopped by addition of SDS and EDTA to final 
concentrations of 0.5% and 10 mM, respectively. 
The fragments from each digest were fractionated 
on 0.7% or 1.0% agarose gels with a HindlII digest 
of )~ DNA, run in parallel, serving as size marker. 
DNA was transferred from the gels to nitro- 
cellulose filters a in [16]. 
2.3. Probe preparation a d filter hybridization 
tRNA gene-containing inserts were isolated 
from plasmids by established methods [17], and 
32p-labelled by nick translation [18]. The 440 base- 
pair insert from PXltLy s was used directly, while 
the 779 basepair insert from PXlt Met was digested 
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with AluI prior to nick translation. Filters were 
pre-hybridized at 37°C for >t6 h in hybridization 
solution (50% formamide, 1.0 M NaCI, 50 mM 
Tris-HC1 (pH 7.5), 1 mM EDTA, 10 x Den- 
hardt's [19], 0.1% SDS, 10 ttg/ml denatured E. coli 
DNA). Filters were hybridized in fresh hybridiza- 
tion solution containing 8 ng/ml denatured radio- 
active probe (spec. act. 1-2 x l08 cpm/tzg) at 
37°C for 40 h. Filters were then washed for 1 h at 
37°C in 3 changes of hybridization solution (with- 
out Denhardt's and E. coli DNA), followed by 
20 min washes at 37°C in 2 x SSC 0.1% SDS (SSC 
is 0.15 M NaC1, 0.015 M sodium citrate). There 
were then two 10 min washes at 61°C in 2 x SSC 
0.1% SDS followed by two 15 min washes at 61°C 
in 1 x SSC 0.1% SDS. The filters were exposed to 
X-ray film as in [15], with exposure times ranging 
from 2-4  weeks. 
3. RESULTS 
The Xenopus tRNALy s gene sequence, contained 
in the hybridization probe used in this work, dif- 
fers in only one position from the tRNALy s se- 
quence of rabbit [20] (S.G. Clarkson, personal 
communication), Every human tRNA species so 
far examined is identical in sequence to its corre- 
sponding tRNA in other vertebrates, including 
Xenopus [7,21]. Thus, it is possible to use the frog 
probe in detecting human tRNALy s genes. Fig.1 
shows the tRNALy s gene-containing fragments de- 
tected in total human placental DNA digested with 
restriction enzymes not expected to cleave within 
the tRNALy s gene sequence [21]. Total unlabelled 
tRNA from rabbit reticulocytes effectively com- 
petes with the labelled probe for hybridization to 
all fragments. This confirms that only tRNA-spe- 
cific sequences are being detected, and demon- 
strates that sequences adjacent to the Xenopus 
tRNALy s gene have no significant homology with 
the analogous human sequences. 
The sizes of the various tRNALyS-specific frag- 
Fig.l. Fragments containing tRNA3LY s genes in human 
genomic DNA. Placental DNA was digested with the in- 
dicated enzymes, fractionated on a 0.7% agarose gel, 
blotted onto nitrocellulose and hybridized with the 
tRNA Lys probe as in section 2. A HindlII digest of 
DNA, run in parallel on the gel, served as a size marker. 
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Fig.2. tRNA Lys and tRNAi Met gene-containing frag- 
ments in human genomic DNA. Two aliquots of placen- 
tal DNA were digested with EcoRI, fractionated in adja- 
cent lanes of a 1.0% agarose gel and blotted. One lane 
was hybridized with the tRNA~Y s probe and the other 
lane with the tRNA Met probe, as indicated. Both probes 
were of comparable specific activity. The tRNA3 Lys frag- 
ment sizes are indicated and the positions of the 
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Fig.3. tRNA~ ys -gene containing fragments in several 
human genomic DNAs. DNA from the indicated 
sources was digested with BamHI. fractionated on a 
1.0% agarose gel, blotted and hybridized with the 
tRNA3 Lys probe. The bands in the fibroblast channel 
were clearly visible on the original autoradiogram, 
although they show up only faintly in this figure. 
ments are presented in table 1. The autoradio- 
graphic intensities of these bands were compared 
by quantitative densitometry with that of  
tRNAiMet-specific bands, which are known to con- 
tain single gene copies [i l]. The least intense 
tRNA~ ys bands were thus found to represent 1 2 
tRNA~Y s gene copies/haploid genome (fig.2). We 
detect -13  16 tRNALy s genes/haploid human 
genome (table 1), assuming that the bands of 
greater than unit intensity represent several sim- 
ilarly-sized tRNALy s gene-containing fragments or 
single fragments containing > 1 tRNA~Y s gene. 
The tRNALy s genes are thus primari ly scattered 
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Table l 
Analysis of tRNA~Y s genes in human total genomic DNA 
September 1982 
EcoRI HindllI BamHI KpnI 
Fragment Fragment Fragment Fragment 
(kilobases) n (kilobases) n (kilobases) n (kilobases) n 
20.00 1 > 20 1 14.70 2 >20 5 
14.40 3 16.70 1 12.60 l 14.10 1 
11.70 2 14.30 4 9.70 1 10.20 1 
8.65 1 9.45 1 9.10 1 6.10 2 
7.60 1 8.45 3 8.20 3 5.60 1 
6.20 1 7.25 1 7.55 1 5.00 2 
5.25 1 4.70 2 4.60 3 4.50 1 
4.30 2 3.00 1 3.20 2 
3.70 1 2.80 2 
1.18 1 
Total 14 16 14 13 
Human placental DNA was digested separately with the enzymes noted and treated as 
described in rigA. Sizes of tRNA3Lys-specific fragments detected in each digest are listed. 
Relative intensities (n), asdetermined from densitometric tracings of autoradiographs like 
that of fig.l, are noted beside each listed fragment. All values are the means of/> 3 
independent determinations 
in the genome, rather than being tandemly repeat- 
ed. Moreover, the various restriction enzymes used 
produce few, if any, fragments that contain both 
tRNALy s and tRNAi Met genes (e.g., fig.2). Thus, 
there is no tight clustering of these 2 types of genes 
in the human genome. Identical arrays of tRNALy s 
-specific fragments are produced in BamHI digests 
of DNA from human placenta, HeLa cells, WI-38 
cells and diploid human fibroblasts (fig.3). Diges- 
tions with either EcoRI, HindlII or KpnI also re- 
vealed no differences in the arrangement of 
tRNA~Y s genes in these 4 genomic DNAs. Thus, 
Lys the dispersed organization of tRNA~ genes in the 
human genome appears to be quite stable. 
4. DISCUSSION 
Between 13-16 tRNA~Y s genes are present at 
scattered locations i  the human genome in an ar- 
rangement that is conserved in embryonic, adult 
and transformed cells. 
Assuming that lysine tRNA sequences are as 
well conserved between vertebrate species as are 
the tRNAs for other amino acids, then we expect 
humans to have the same 3 tRNALy s isoacceptors 
found in other species. The hybridization condi- 
tions used here would not have allowed our 
tRNA~Y s probe to detect the genes for either 
tRNA~Y s or tRNA~Y s [20]. Our results indicate that 
ys Met the human tRNA~" and tRNA 1 gene families 
are roughly equal in size [11]. If the human 
Lys tRNAL~ genes are arranged like those for human 
~aet ys tRNA 1 [11], then tRNA~ -specific bands of 
greater than unit intensity (fig.l, table 1) could re- 
sult from several similarly-organized tRNA~Y s 
gene loci, each with only a single gene. Character- 
ization of genomic clones containing tRNA~Y s 
genes will be necessary to see if this is true. 
Most human tRNALy s and tRNAi Met genes are 
scattered throughout he genome, and the 2 gene 
types are seldom, if ever, found together at the 
same locus. In both Xenopus (S.G. Clarkson, per- 
sonal communication) and chicken [6] the genes 
for these 2 tRNA species are found intermingled in 
clusters, and so all vertebrates do not have these 
genes organized in the same manner. Our work 
does not rule out the possibility that human 
tRNA3LY s genes are c!osely linked to tDNAs other 
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than those for tRNAiMet. In fact, a 1 kilobase was 
identified in the human genome that contains both 
a tRNALy s gene and a tRNAGIn gene [22]. 
However, human tRNAiMet gene loci appear to 
contain no other tDNAs [11]. Thus, we do not yet 
know whether tRNA gene clusters are common in 
the human genome. 
The extensive conservation of the human 
tRNALy s and tRNAi Met gene organizations in a va- 
riety of normal and transformed cell types is in 
striking contrast o the high degree of polymor- 
phism seen in the organization of the dispersed 
Xenopus tRNALys and tRNAaMet genes (D.S. 
Rosenthal, LL.D., unpublished). One explanation 
for this may be that since the tDNA families in 
humans are significantly smaller than those of 
Xenopus, much greater selective pressures exist in 
humans against those rearrangements in tDNA 
regions which render a gene non-functional. 
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